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1 INTRODUCTION 
 
The World Health Organization (WHO) describes 
antimicrobial resistance to human pathogens as a 
global health challenge (World Health Organization 
(WHO) 2016). Currently, it is acknowledged that the 
extensive use of antibiotics are the driving force for 
the worldwide escalation of these microorganisms 
(Morris & Masterton 2002).  For the past decades 
the amount of large animal-feeding operations 
(AFOs) including swine, has increased expressively 
(UEFSA 2001) and a large variety of feed additives 
and drugs, particularly antibiotics, are approved for 
use in food-animal agriculture (Bloom 2004). Anti-
biotics are extensively utilized in the management of 
animal health, and more recently to growth en-
hancement and feed efficiency in healthy livestock, 
which may result in an antibiotic selection pressure 
responsible for the emergence of resistant strains in 
these contexts. Although, it is largely assumed that 
resistant strains such as methicillin-resistant staphy-
lococcus aureus (MRSA) originated in humans, the 
emergence of the first pig-associated strain (ST398) 
(Armand-Lefevre et al. 2005), which in very few 
years spread worldwide into diverse livestock spe-
cies, corroborates this hypothesis.  
Currently, animals such as pigs are important reser-
voir of livestock-associated clones of MRSA (LA-
MRSA) which in addition to the animal to animal 
spread one of the early features of these strains was 
its ability to transfer from pigs to humans (Barton 
2014). Consequently, for workers that spend several 
daily hours in direct contact with MRSA positive an-
imals, MRSA colonization is a patent and significant 
professional hazard (Denis et al. 2009; Moodley et 
al. 2008). MRSA carriers have increased risk for 
subsequent clinical associated diseases and become a 
bacterial reservoir with associated high risk to trans-
fer the infection to others, including household 
members (Hatcher et al. 2016), and to contaminate 
foods and food surfaces during handling (Jordan et 
al. 2011). Although MRSA infections are well-
known worldwide as a cause of numerous hospitali-
zations and deaths associated with extremely high 
mortality rates for invasive infections (Klevens et al. 
2007), exposure assessment procedures in occupa-
tional environments are not adapted to animal pro-
duction settings, although swine confinement build-
ings have been placed among the working 
environments with the highest bioaerosol (Donham 
et al. 1989). Thus it is imperative to perform a real 
scenario characterization concerning bacterial preva-
lence and resistance in order to avoid health hazard-
ous effects in workers and animals, particularly in 
swine productions.  
In the European context, colonization by LA-MRSA 
have become, in the past years, an exceedingly de-
bated topic particularly in the context of occupation-
al exposure (Goerge et al. 2015), and in Portugal, a 
recent study also demonstrates the substantial estab-
lishment of ST398-MRSA among healthy pigs in 
swine farms.  
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ABSTRACT: Pigs are important reservoir of livestock-associated bacteria, including methicillin-resistant 
staphylococcus aureus (MRSA), which constitute a professional hazard for workers in direct contact with 
these animals with increased risk of nasal colonization, potentially associated with subsequent clinical diseas-
es and transference of the infection to others.  
Here we performed a bioburden characterization concerning bacterial prevalence and resistance (MRSA) in 
workers and animals from a Portuguese swine production as a case study.  
Air samples were collected through an impaction method. Biological samples were obtained through nasopha-
ryngeal swab procedure. Identification of S. aureus was performed trough immunologic tests.  
We report an exceedingly high prevalence of total bacteria and S.aureus colonization (100%) in workers and 
animals whereas all of identified strains were MRSA. Additionally, air samples demonstrated high values of 
total bacterial concentration.    
This work raises awareness to the relevance of bioburden monitoring and the requirement to create occupa-
tional standards and take effective preventive measures.  
 
2 
 
In this work we aimed to perform a bioburden 
characterization of occupational exposure to bacteria 
through environmental sampling in swine facilities, 
microbiota prevalence and antimicrobial resistance, 
namely MRSA prevalence, in animals and workers 
of a Portuguese swine production. 
2 MATERIALS AND METHODS 
 
Study population: The study included all the pig-
farm workers (n= 3), which provided a signed writ-
ten informed consent before enrolment in the study.  
The studied animals were in the stalls and had with 3 
weeks old (n=15).  
 
Collection, isolation and microbiological procedures  
Biological samples were obtained through nasopha-
ryngeal swab procedure using transport swabs with 
Stuart media, and immediately transported to the la-
boratory. In the microbiology laboratory samples 
were cultured in Columbia agar with 5% sheep 
blood, for MRSA identification, and incubated for 
24 hours at 37°C. Tryptic soy agar (TSA) supple-
mented with nystatin (0.2%) for mesophilic bacterial 
population and violet red bile agar (VRBA) for bac-
teria belonging to the Enterobacteriaceae family (e.g. 
coliforms – Gram-negative bacteria). TSA and 
VRBA plates were incubated at 30ºC and 35ºC for 7 
days, respectively. After the incubation period, quan-
titative colony-forming were obtained, colonies were 
evaluated based on cultural characteristics and 
S.aureus suspicious colonies isolated and incubated 
for 24 hours at 37° C. Identification of S. aureus was 
performed trough catalase test and Slidex Staph Kit 
(Biomerieux ref #73115). MRSA strains were identi-
fied through Slidex MRSA detection Test Kit (Bi-
omerieux ref #73117). In this work positive (S. au-
reus MRSA laboratory collection) and negative (S. 
aureus ATCC 25923) control strains will be included 
as positive and negative controls. 
Air samples of 50 L were collected through an im-
paction method with a flow rate of 140 L/min (Mil-
lipore air Tester, Millipore, Billerica, MA, USA) on-
to each media plate. TSA supplemented with 
nystatin (0.2%) and VRBA were used in order to en-
hance the selectivity for bacterial populations growth 
and incubated at 30ºC and 35ºC for 7 days, respec-
tively. After laboratory processing and incubation of 
the samples, quantitative colony-forming were ob-
tained (colony-forming units - CFU.m
-3
). 
The five sampling sites in gestation, maternity, 
stalls, fattening and quarantine from the studies 
swine production were selected based on the higher 
daily exposure of workers to animals. Outdoor sam-
ples were also performed to be used as reference. 
3 RESULTS 
 
In all biological samples collected from workers 
normal commensal flora, namely staphylococcus 
spp. and streptococcus spp. was observed. Moreo-
ver, sample analysis also demonstrated a frequency 
of 3 in 3 (100% prevalence) of total bacterial load. 
One worker showed countless mesophilic bacteria, 
and no Gram-negative bacteria isolates were detect-
ed. 
In animals, we also identified 15 in 15 frequencies 
(100% prevalence) of total bacterial load and two 
swine samples showed countless mesophilic bacte-
ria. Gram-negative bacteria analysis resulted in a 
frequency of 11 in 15 (73,3% prevalence) individu-
als, one animal showed countless coliforms and in 
four animals no isolates were observed (Table 1).  
 
Table 1.  Frequency analysis of total bacteria and gram-negative bac-
teria carriers amongst livestock occupational exposed individuals and 
animals.  
 
The frequency analysis of S. aureus in workers of 
the studied swine production demonstrated a 3 in 3 
(100% prevalence) colonization occurrence. Regard-
ing the resistance profile, all S. aureus strains were 
resistant to methicillin (MRSA). Additionally, all an-
imals analyzed were also colonized by MRSA. 
These results are summarized in table 2.  
 
Table 2.  Frequency analysis of  S.aureus and MRSA carriers amongst 
livestock occupational exposed individuals and animals.   
 
Total air bacterial load ranged from 5360 CFU.m
-3
 to 
18260 CFU.m
-3
 (median 11944 CFU.m
-3
 (Figure 1). 
Airborne coliforms load only grow up in one sam-
pling site (gestation with 20 CFU.m
-3
). 
Figure 1 - Bacterial load obtained on air samples 
Individuals Swabs Total bacteria 
  frequency analysis 
Gram-negative bacteria  
frequency analysis 
Workers 3 3 in 3 0 in 3 
Piglets 15 15 in 15 11 in 15 
Individuals Swabs S.aureus  frequency 
analysis 
MRSA  frequency  
analysis 
Workers 3 3 in 3 3 in 3 
Piglets 15 15 in 15 15 in 15 
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4 DISCUSSION    
Bacteria bioburden is a key component of bioaero-
sols which may occur as solid or liquid particles in 
the air. Prolonged exposure to bioaerosols particular-
ly at workplaces can represent a health hazard 
(Walser et al. 2015) for workers and for the spread 
of these microorganisms in the community. For the 
past years, numerous studies have increased scien-
tific data on occupational exposure to bioaerosols 
and helped to understand the relationship between 
exposure and health effects (Ghosh Lal and 
Srivastava, 2015).  
In the context of animal production, it is 
acknowledged that animals, such as pigs, are im-
portant reservoir of livestock-associated bacteria 
with associated resistances to antibiotics, including 
LA-MRSA (Armand-Lefevre et al. 2005). Consider-
ing that  S. aureus can colonize the human nostrils 
via simple inhalation of contaminated air (Masclaux 
et al. 2013), the direct contact with live animal carri-
ers is possibly the main route of human exposure to 
bacterial strains such as LA-MRSA. Moreover, LA-
MRSA transmission between pig farms mainly oc-
curs through animal trade and to a minor level via 
humans or livestock transportation (Leibler et al. 
2016; Grøntvedt et al. 2016). Nasal LA-MRSA col-
onization rates in pig farmers is maintained at 59% 
after time periods with no occupational exposure 
(holidays) (Köck et al. 2012) indicating that persis-
tent MRSA colonization is expected to be more 
probable in occupationally exposed individuals 
(Goerge et al. 2015).   
Although there are no national guidelines to impose 
limit values for airborne bacteria load, some studies 
(Goyer 2001) were carried out to propose guidelines 
for eight hours of work indicating 10000 CFU.m
-3
 
for total bacteria and 1000 CFU.m
-3
 for Gram-
negative bacteria in agricultural and industrial envi-
ronments.  
Here we demonstrated that the majority of the col-
lected air samples presented higher values of total 
airborne bacterial. The high concentrations of total 
bacteria instead of airborne coliform could be ex-
plained by the fact that 90% of the bacteria isolated 
from the feces of adult swine are reported as gram 
positive (Salanitro et al. 1977). The higher concen-
tration of airborne bacteria indoor when compared to 
the outdoor, suggests that the outdoor air quality can 
be influenced by the sources of contamination of this 
activity.  
Animal-to-human transmission during farming has 
been already demonstrated for enterobacteria and en-
terococci (Armand-Lefevre et al. 2005) and our re-
sults suggest that type of transmission can happen, 
particularly since virtually no protection were used 
by the workers.  
Regarding bacteria identification, we reported con-
cerning high colonization levels of MRSA, both in 
workers and in animals, as all analyzed individuals 
were carriers. These levels are exceedingly  higher 
than levels detected in the community for S.aureus 
(31%) and for MRSA (2% - 3%)  (Hatcher et al. 
2016) and in other Portuguese swine productions 
(Conceição et al. 2017). Considering that, human 
MRSA carriers prevalence is higher in intensive an-
tibiotic-using piggeries when compared to antibiotic-
free which indicate that antibiotic use is a driver for 
worker colonization (Rinsky et al. 2013), it would be 
important to asses antibiotic use in the studied swine 
production. Moreover,  it is also important to notice 
that occupational exposure to LA-MRSA not only 
constitutes an important professional hazard but also 
constitute a relevant risk to individuals that came di-
rect in contact with exposed workers, particularly 
children that have high colonization prevalence 
when the worker is a carrier (Hatcher et al. 2016), 
which represents a public health concern. Addition-
ally, although most of LA-MRSA have been isolated 
form healthy animals some strains were also isolated 
from pathological lesions in pigs (Pomba et al. 
2009), thus our results  may also indicate some con-
cern for animal health.  
5 CONCLUSIONS 
This work raise the awareness of the urgent need to 
monitor MRSA strains associated with animal carri-
ers, occupational exposed individuals and potential 
sources of environmental contamination. Valuable 
and effective efforts must be made to create occupa-
tional health surveillance programs and to determine 
and regulate the antibiotic selection pressure that is 
driving the emergence of these strains. 
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